V r Simultaneous recordings of intracranial pressure (ICP) from a single-lumen subdural screw and a ventricular catheter were compared in l0 patients with severe head injury. Forty-one percent of the readings corresponded within the same l0 mm Hg ranges, while 13% of the screw pressure measurements were higher and 46% were lower than the associated ventricular catheter measurements. In l0 other patients, also with severe head injury, pressure measurements obtained with the Leeds-type screw were similarly compared with ventricular fluid pressure. Fifty-eight percent of the dual pressure readings corresponded, while 15% of the screw measurements were higher and 27% were lower than the ventricular fluid pressure, within 10-mm Hg ranges. It is concluded that subdural screws may give unreliable results, particularly by underestimating the occurrence of high ICP. KEY WORDS 9 intracraniai pressure measurement head injury 9 subdural pressure 9 ventricular pressure
I
NTRACRANIAL pressure (ICP) measurements have many uses in clinical practice. They are widely used in the monitoring of head-injured patients, particularly in those being artificially ventilated. They are especially useful in identifying traumatic intracranial hematomas that require evacuation. 2 They are also used in the diagnosis of normal-pressure hydrocephalus 9 and benign intracranial hypertension. ~~ In each of these conditions important management decisions may be based on results of ICP measurements. It is therefore important to know the limitations of the various techniques that are used to measure ICP in man.
Methods of measurement of ICP that avoid penetrating the brain surface appeal to many clinicians, because the incidence of infection, epilepsy, and intracerebral hematoma should be lower with less invasive techniques than with ventricular catheterization. Moreover, these methods avoid the difficulty often encountered in locating the small ventricles of a head-injured patient. Of the various devices available, the subdural screw is the most widely used. This method was first described in 1973 by Vries, et al., ' 2 yet its accuracy in clinical practice has seldom been rigorously compared with open-ended ventricular catheters. Most,studies of new methods for measurement of ICP have failed to compare the results systematically; 7,13 however, all devices that depend upon the transmission of ICP via fluid-filled tubes can fail or become damped. Coroneos, et aL, ~ have recorded measurements made after the infusion of small aliquots of saline injected to unblock the system. Unfortunately, the need to make frequent injections is a disadvantage in routine clinical practice, and may increase the risk of infection.
We have compared recordings from two different types of subdural screws with simultaneous recordings obtained by ventricular catheters. Observations were made in patients over extended periods of monitoring in order to determine the relative value of these devices in the conditions of routine clinical practice.
Clinical Material and Methods
Two different types of subdural screw were evaluated. A single-lumen screw of the Richmond type 12 was used in 10 patients, and a screw with an end plate and four lateral side holes (the Leeds type ~) in another 10. Thus, measurements were made in 20 patients with severe head injury. In each, a clinical decision to insert a ventricular catheter had b e e n made, a n d one of the s u b d u r a l screws was also inserted. In l0 patients, a single-lumen s u b d u r a l screw was inserted at the posterior end of an extended right frontal b u r r hole incision. In l0 other patients, the Leeds-type subdural screw with four lateral side openings was inserted via a left frontal burr hole. The surgical procedure was always performed by the same surgeon, who took particular care to open the dura widely a n d also to obtain hemostasis.
In each patient, the catheter a n d the screw were connected to separate pressure transducers linked to a G o u l d two-channel pen recorder.* S i m u l t a n e o u s calibration of both transducers against a mercury c o l u m n was performed over the range 0 to 100 m m Hg, with careful attention to zeroing of each transducer in relation to the head. Recalibration was performed intermittently during a n d after the c o m p l e t i o n of the period of monitoring. D u a l chart recorder readings of m e a n pressure, averaged over 1 minute, were taken from the chart recordings at 3 0 -m i n u t e intervals. The m e a n pressure values for each reading were calculated a n d compared. These readings were augmented, on occasions, by computer-derived histograms of successive l -m i n u t e m e a n pressure readings from both channels. The readings were rejected when it was clear, because of the absence of respiratory and cardiac pulsations, that the screw was malfunctioning.
Results

Single-Lumen Screw
T e n patients were studied over periods from 4 to 27 hours. In a series of 10-mm Hg ranges, dual pressure readings corresponded on 185 occasions (41%); 13% * Gould two-channel pen recorder manufactured by Gould Inc., Instrument System Division, 3631 Perkins Avenue, Cleveland, Ohio. of the screw pressure measurements were higher, and 46% lower than the associated ventricular catheter measurements (Table l) . Above a ventricular fluid pressure of 20 mm Hg, there was an increasing tendency for the subdural screw pressure readings to be lower than those obtained with the ventricular catheter, so that at pressures greater than 40 mm Hg, over 90% of the subdural measurements were lower than those recorded from the ventricular catheter ( Table  2 ). The number of readings from each patient within the 10-ram Hg range varied from patient to patient, but no individual patient was responsible for skewing the distribution (Table 3 ). An example of a close correlation between recordings from the subdural screw and ventricular catheter is illustrated in Fig. 1 . At times it was clear that the respiratory and cardiac pulsations from the screw recording were damped (Fig. 2) , and recordings of this nature were excluded. There were other occasions when, if viewed in isolation, it would not have been possible to say that a tracing obtained by the screw was damped unless compared with ventricular catheter recordings (Fig.  3) . The distribution of readings from the single-lumen screw and the ventricular catheter clearly illustrates that lower ICP measurements were produced by the screw (Fig. 4) , even when the obviously damped re- m i n u t e p r e s s u r e r e a d i n g s o b t a i n e d s i m u l t a n e o u s l y f r o m t h e s c r e w a n d t h e v e nt r i c u l a r c a t h e t e r f r o m o n e r e p r e s e n t a t i v e p a t i e n t s h o w s t h e n o n -G a u s s i a n n a t u r e o f t h e s c r e w h i s t og r a m (Fig. 5) .
Leeds-Type Screw
Ten patients were studied, but in one patient an analysis was not attempted because of malfunction of t h e s c r e w f r o m t h e outset. T h i s a n a l y s i s is t h e r e f o r e b a s e d o n n i n e p a t i e n t s , m o n i t o r e d f r o m 4 to 52 h o u r s . W i t h t h e s a m e t y p e o f a n a l y s i s , 58% o f p r e s s u r e r e a d i n g s c o r r e s p o n d e d o u t o f a t o t a l o f 485 d u a lp r e s s u r e m e a s u r e m e n t s ; 15% o f t h e s c r e w m e a s u r e -FIG. 6. Plot of Leeds-type screw pressure against ventricular fluid pressure. Each asterisk represents one pressure reading. Where more than one reading fell at the same spot the numerical value indicates the number of readings at that one point. More than 10 readings are scored as a plus. ments were higher, and 27% lower than the associated ventricular catheter measurements (Table 4 ). The total range of ICP involved was not as great as that in the previous patient group. However, again there was a tendency for the subdural screw to under-read pressure when the ventricular fluid pressure exceeded 20 mm Hg (Table 5) . As with the single-lumen screw, the number of readings contributed by each patient varied (Table 6 ). A plot of subdural pressure against ventricular fluid pressure shows that the Leeds-type screw behaved in the same way as the single-lumen screw (Fig. 6 ).
Discussion
Our results provide evidence that both types of screw under-read ICP, particularly when the pressure was elevated. This trend was more evident with the single-lumen screw than with the Leeds screw. Nevertheless, with either screw it is clear that there were very few occasions when the screw recorded a higher pressure than the ventricular catheter. An analysis of individual patient records indicated that the tendency to under-read ICP was most evident following peaks of pressure.
Several clinical studies have set out to compare simultaneous pressure recordings from the ventricle with those from the subdural or the epidural space. Coroneos, et al., 1 reported that within 24 hours of craniotomy, higher pressures were recorded with an intraventricular catheter than with the Leeds-type screw in the epidural space. Similarly, in a report concerning the use of a single-lumen screw, Vries, et al.,l 2 reported 12 patients with simultaneous ICP measurements by ventricular tap where the readings were said to be identical to the values recorded by the subarachnoid screw. They did not publish a detailed analysis of their comparison, but did say that "occasionally the records damped out during recordings." They stated that the cause of this was usually a slow leak in the stop-cock assembly, and that traces could be restored by correcting the leaks and flushing 0.25 to 0.5 cc of saline through the subarachnoid screw via the stop-cock. This was not our experience. Despite flushing and recalibration, when the screw reading was obviously damped, the recordings remained lower than those for the ventricular catheter. Nornes and Magnaes 8 reported a comparison between epidural and ventricular pressure in a patient in whom the epidural pressure exceeded the ventricular pressure. Many of the other clinical studies have failed to make systematic comparisons between the device being tested and other reliable and tested techniques for ICP measurement, and where this was done it was anecdotal. 7,13 Such comparisons have been made with epidural pressure sensorsy ,al and, although these studies indicated a reasonably good correlation (sometimes even showing extradural pressure in excess of ventricular fluid pressure), this was often shortlived. Subdural catheters have been compared with ventricular catheters in primates and, although right and left ventricular catheters gave similar readings, subdural catheters sometimes under-read but never overestimated ICP when compared with levels obtained from ventricular catheters. 4, 5 It is too easy to assume that all methods used to monitor ICP provide the correct results. This is a reasonable assumption only with open-ended ventricular catheters where fluid continuity can be demonstrated.
Subdural screws may give unreliable results, in particular by underestimating the occurrence of high ICP. We have found this more common in the openended screw than in the Leeds-type screw. These findings should be taken into consideration when pressure measurements involving subdural screws are being interpreted at the bedside. They are also of importance in comparing reported series of patients.
